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Software and Files Index 
The purpose of this document is to provide an index of the software and files used to generate the 
results and findings documented in Section 4 of the scoping study report on Radiation Signatures 
relevant to Thorium Fuel Cycles. 

Authors and Data Owners 
This data was created and compiled by (in alphabetical order): 

Eric Cervi, Andrea Favalli, Vlad Henzl, Madeline Lockhart, David Mercer, and Jacob Stinnett from 
Safeguards Science and Technology Group (NEN-1) at Los Alamos National Laboratory. 

This data is made openly available to the safeguards community for reference. Please contact Vlad 
Henzl (henzl@lanl.gov) regarding further use and publication of this data, for appropriate citations 
and any future updates to these files. 

 

Software 
GADRAS 18.8.1 – Simulation of gamma measurement, results in form of a spectrum. 

Reference: GADRAS Version 18 User's Manual. Steven M. Horne, Gregory G. Thoreson, Lisa A. 
Theisen, Dean J. Mitchell, Lee T. Harding, and Sean E. O’Brien. SAND2019-14305 

Note: For each simulation, a 1-D model was defined using parameters specified for a specific 
scenario as discussed in Section 4 of the “Assessment of Safeguards Technology R&D Needs for 
Thorium Fuel Cycles” (e.g. mass of 233U, its chemical and physical form, level of 232U impurities, 
detector type, length of measurement, etc.). Spectra were generated with the “Inject” tool using 
default parameters of detector response functions. 

 

PeakEasy 4.98 – analysis of simulated or experimentally obtained gamma spectra 

Reference: Rooney, B., Garner, S., Felsher, P., Karpius, P., (2018), PeakEasy 4.98 [Computer 
Program], Los Alamos National Laboratory, Release LA-CC-13-040, https://PeakEasy.lanl.gov. 

 

DeCayculator: - calculation of activities of 233U and 232U decay chains products  

Reference: P. Karpius.  The DeCayculator, Beta Version 1.0., Los Alamos National Laboratory, 
LA-CC-11-82; ICRP, 1983. Radionuclide Transformations - Energy and Intensity of Emissions. 
ICRP Publication 38. Ann. ICRP 11-13. 

 

https://peakeasy.lanl.gov/


Note:  LANL-internal code to compute activities of 233U and 232U decay chain products over time, 
based on ICRP 38 nuclear data. This calculated activities over time for then served as input for 
to calculate dose rates over time.   

 

Files 
Reports documents: 

• DoseCalculations.xlsx: Contains data used for activity and dose over time figures.  Activity 
data generated with Decayculator, and dose rate information is from PeakEasy.  See 
Appendix A. 

• Files and Software Index.docx: this file 
• RefData.xlsx: reference data for uranium and thorium, such as half-lives, specific power (for 

calorimetry), spontaneous fission rates, etc..  See Appendix B 
• ThoriumMeasurements.xlsx: compilation of neutron rates (S, D, T) measured with AWCC 

and ENMC detector during assay of various 252Cf, Pu and Th and items.  See Appendix C 

 

GADRAS files 

• Thorium.pcf: a GADRAS-generated spectra file with four spectra inside, numbered 1-4 (note: 
file generically named “Thorium” as it was created for the Th-safeguards project, however it 
contains all relevant spectra, some only with 233U).  See Appendix D 

1. Uses the ThoriumBall.1dm model 
2. Uses the ThoriumBall.1dm model 
3. Uses the U233Ball.1dm model 
4. Uses the U233Ball.1dm model 

• ThoriumBall.1dm: a GADRAS 1-D model file of a 1 kg thorium oxide item.  See Appendix E 
• U233.1dm: a GADRAS 1-D model file of a 10-gram U-233 metal item.  See Appendix E 
• ThoriumBall.gam: a GADRAS gamma file; contains the physics data generated by the 

associated 1-D mode.  See Appendix F 
• U233Ball.gam: a GADRAS gamma file; contains the physics data generated by the associated 

1-D model.  See Appendix F. 

  



Appendix A:  DoseCalculations.xlsx 

 

 

  



Appendix B: RefData.xlsx 

 

 

  



Appendix C: ThoriumMeasurements.xlsx 

 

  



Appendix D:  Thorium.pcf, which also contains U233 output. 

   

  

  



Appendix E: GADRAS Model Files 

 

 



Appendix F: Gam file physics information. (U233=red, Thorium=green). For ease of viewing the 
information is plotted after folding with a Detective EX-100 function.  File header and tail text are 
also shown below. 

 

GamFileVersion = 2.1 
DataType = SnTransport 18.8.10.0 
Geometry = Spherical 
Description = thorium ball 
LargestDimension = 3.391E+01 
Data =  
        568          92        79 ! photon lines, photon groups, 
neutron groups 
… 

0.00298824091441929 ! k-eff 
1.00299719726191 ! multiplication 
 

GamFileVersion = 2.1 
DataType = SnTransport 18.8.10.0 
Geometry = Spherical 
Description = U233 model 
LargestDimension = 6.654E+00 
Data =  
        334         144        79 ! photon lines, photon groups, 
neutron groups 
… 

0.465361446142197 ! k-eff 
1.87042253646745 ! multiplication 
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